A second mechanism that could trigger specific deNeuronal growth cones use a variety of substrates and fasciculation in this system would be to increase the guidance cues to navigate specific choice points and find attractiveness of an alternative substrate, particularly their correct targets (e.g., Tessier-Lavigne and Goodmuscle. We present data here on the analysis of the man, 1996). Among that diversity of substrates and cues, Drosophila sidestep (side) gene. side encodes a protein many axons extend selectively along the surface of other (Side) that increases the attractiveness of muscles. Side axons to form axon bundles or fascicles, a process is normally expressed on muscle surfaces during the called selective fasciculation (e.g., Goodman et al., appropriate stages. In the absence of Side, motor axons 1984). Just as selective fasciculation provides a specific fail to defasciculate, do not enter their muscle target highway for axon extension, so too growth cones must regions, and instead continue to extend along the motor inevitably exit these axon pathways and steer into their nerves. This results in a lack of innervation for a signifispecific target regions in a process called selective decant proportion of the somatic musculature. Ectopic fasciculation. Failure to defasciculate at the right choice expression of Side on embryonic tissues contacted by point can lead growth cones to continue down the main motor axon growth cones results in continued and exhighway, bypassing their correct targets.
At specific locations in the periphery, motor axons defasciculate from other motor axons (or sensory axons) and extend onto muscles. Near the dorsal musculature, the motor axons in the ISN defasciculate from sensory axons and move into the dorsal muscle target domain. At the lateral musculature, motor axons in the SNa defasciculate from one another in order to form the lateral and dorsal branches of the projection. Finally, at the 1A-1C) .
or both the SNa(d) and SNa(l) axons to defasciculate from one another; (2) truncation of either or both Each branch of the projection is responsible for innervat- The side alleles D282, D609, H143, and P45 were generated in a red background. Consequently, red is used as the control strain in this analysis. M6/7, M13, and M12 are muscle clefts at which the ISNb arborizes (see Figure 1A) . ISN X refers to crossing of the segment boundary by the ISN. Data are presented as % of total hemisegments scored (n) in which the specific branch was absent. The scoring of the phenotype was based only on presence or absence of a branch, not on branch quality. branches due to an over-fasciculation phenotype; and normally innervate muscle 13 (n ϭ 7), also extended axons along the ISN to locations that ranged from be-(3) in rare instances (less than 1% of hemisegments), fasciculation with the ISN. In many hemisegments, the neath muscle 12 to further dorsally, near muscle 4 (n ϭ 8) (data not shown). side mutant motor projection consists of only the two major motor nerves-the ISN and SNa branches-rather Examination of third instar side D609 mutant larval motor projections revealed that the axons normally destined than 5 branches ( Figures 1D-1F ). This striking phenotype is the result of the failure of ISNb, ISNd, and SNc to innervate the ventral musculature had often still failed to correct. As such, ventral muscles such as muscles 6 branches to defasciculate from the ISN and SNa ( Figures  2D-2F) . Examination of the developing side mutant moand 7 remain devoid of innervation ( Figure 3F ). Interestingly, in hemisegments in which innervation is absent tor projection reveals that these motor axons extend into the periphery and are detectable as large clumps in the ventral muscle domain, hyperinnervation is observed on muscle 4 ( Figure 3G ). Given the axon tracing of growth cones tightly associated with the ISN or SNa nerve routes (data not shown). They bypass these musdata from the embryo, it is likely that this hyperinnervation is from the ISNb and ISNd axons that have failed cle targets and extend distally along the ISN and SN.
To follow the fate of individual motor axons that do to target the ventral muscle region. not defasciculate in the ventral muscle region, we la- (Figure 4B) . The Side protein has 5 tandem immunoglobulinWe have identified this transcript as that of the sidestep gene based on several lines of evidence. First, an like domains, then a region of almost 200 amino acids with no homology to known domain types. Next is a antibody against the protein shows that in three mutant alleles (D609, C137, and P45), some protein is evident stretch of hydrophobic amino acids that constitutes a putative transmembrane domain. The relatively short at later stages, but it is almost undetectable in early embryonic stages. Second, transgenic expression of the cytoplasmic tail has ‫021ف‬ aa with no identifiable catalytic domains. An unusual feature of the protein is that side cDNA specifically by embryonic muscles largely rescues the mutant phenotype. Third, using the side the putative signal sequence is distant to the start methionine (Figure 4) We tested the receptiveness of the different projection branches to novel Side contact, either through ectopic axons to side expression levels (see below), the return of side expression to the musculature at a higher than presentation or elevated expression levels. Driving expression of side in all postmitotic neurons could phenonormal level yielded a better than expected restoration of the motor projection branching pattern.
copy the side loss-of-function phenotype. In contrast to the loss-of-function condition, the gain-of-function Expression of side by neurons exacerbated the mutant phenotype, particularly in those branches usually phenotype was due to the development of the motor projection being greatly delayed. We observed that the less disrupted in the side D609 mutant background alone. For the SNa sub-branches, failure to innervate the lateral ISN was still at the FB choice point at the stage when it would normally be at the final choice point-TB (Figure musculature doubled for the SNa(d) and increased 4-fold for the SNa(l) ( Table 2 ). The result was SNa 7A). Well into stage 16, innervation was also still lacking for much of the ventral musculature, with the ISNb and branches that tended to extend only as far as the area below muscle 12 (Table 2, Figure 6C) . Similarly, the ISN ISNd absent in each segment and the ISNc greatly reduced ( Figure 7C ). The neuronal overexpression phenostalled earlier and more frequently, with the failure to reach final distal branch point (TB) increasing from 30% type seemingly arises through the motor axons behaving as though overly fasciculated. We found that the weaker in the mutant alone to almost 100% (Table 2, Figure 6C ). The ISNb, ISNd, and SNc branches were largely absent elav-GAL4 drivers, such as one on the third chromosome and C155-GAL4, do not generate such strong pheno-(Table 2, Figure 6C ). These gain-of-function phenotypes in the loss-of-function background are more severe than types. As such, the effect of overexpression of Side in neurons appears to be dosage sensitive. Interestingly, those observed for the gain-of-function condition in a wild-type background (see below).
in UAS-sidestep::elav-GAL4 embryos, the formation of the Fas II-positive longitudinal CNS fascicles remained In the beaten path (beat) mutant, which has a phenotype that strongly resembles that of the side mutant, normal. In UAS-sidestep; C38-GAL4 embryos, where side is reduction of the CAM Fas II on axons led to phenotypic rescue (Fambrough and Goodman, 1996). In contrast, driven throughout the tracheal system, a striking phenotype was observed for the ISN ( Figure 7B ). During normal when we simultaneously reduced Fas II levels in the side 
